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Attorney Docket No.: 22719-45 
INTRA- VENTRICULAR PRESSURE SENSING CATHETER 
FIELD OF THE INVENTION 

[0001] The present invention relates to a catheter device having a pressure sensor disposed 
therein. 

BACKGROUND OF THE INVENTION 

[0002] Hydrocephalus is a neurological condition that is caused by the abnormal accumulation 
of cerebrospinal fluid (CSF) within the ventricles, or cavities, of the brain. CSF is a clear, 
colorless fluid that is primarily produced by the choroid plexus and surrounds the brain and 
spinal cord. CSF constantly circulates through the ventricular system of the brain and is 
ultimately absorbed into the bloodstream. CSF aids in the protection of the brain and spinal 
cord. Because CSF keeps the brain and spinal cord buoyant, it acts as a protective cushion or 
"shock absorber" to prevent injuries to the central nervous system. 

[0003] Hydrocephalus, which affects children and adults, arises when the normal drainage of 
CSF in the brain is blocked in some way. Such blockage can be caused by a number of factors, 
including, for example, genetic predisposition, intraventricular or intracranial hemorrhage, 
infections such as meningitis, head trauma, or the like. Blockage of the flow of CSF 
consequently creates an imbalance between the amount of CSF produced by the choroid plexus 
and the rate at which CSF is absorbed into the bloodstream, thereby increasing pressure on the 
brain, which causes the ventricles to enlarge. 

[0004] Hydrocephalus is most often treated by surgically inserting a shunt system that diverts the 
flow of CSF from the ventricle to another area of the body where the CSF can be absorbed as 
part of the circulatory system. Shunt systems come in a variety of models, and typically share 
similar functional components. These components include a ventricular catheter which is 
introduced through a burr hole in the skull and implanted in the patient's ventricle, a drainage 
catheter that carries the CSF to its ultimate drainage site, and optionally a flow-control 
mechanism, e.g., shunt valve, that regulates the one-way flow of CSF from the ventricle to the 
drainage"site to maintain noi^l^esmre~within"the~ventricles .-The-ventrieular-catheter-t-ypically 
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contains multiple holes or pores positioned along the length of the ventricular catheter to allow 
the CSF to enter into the shunt system. To facilitate catheter insertion, a removable rigid stylet, 
situated within the lumen of the ventricular catheter, is used to direct the catheter toward the 
desired targeted location. Alternatively, or in addition, blunt tip brain cannulas and peel-away 
sheaths have been used to aid placement of the catheters. 

[0005] One common problem encountered with the use of ventricular catheters is the difficulty 
in measuring the pressure within the patient's ventricle. Measurement of intra-ventricular 
pressure is currently achieved using two techniques. One technique involves placing a 
telemetrically communicating miniaturized pressure sensor in the ventricles. Such pressure 
sensors however, require a high degree of miniaturization and are therefore sensitive to 
environmental degradation. The other technique involves placing a pressure sensor that 
communicates with the cerebrospinal fluid in line and distal to the ventricles. As the pressure 
drop across the catheter is negligible, the sensor can measure pressure that resembles the intra- 
ventricular pressure. While this technique is advantageous in that it allows the use of a relatively 
large sensor, catheter blockage can impede the pressure sensed by the sensor, thus preventing an 
accurate measurement of intra-ventricular pressure from being obtained. 

[0006] Accordingly, there remains a need for a catheter having a pressure sensor that is effective 
to accurately measure a patient's ventricular pressure. 

SUMMARY OF THE INVENTION 

[0007] The present invention generally provides a pressure sensor device having an elongate 
catheter with a first lumen that is adapted to accommodate fluid flow therethrough, and a second, 
separate, fluid-filled, fluid-impermeable, sealed lumen. The second lumen extends between a 
pressure-sensitive component that is adapted to be exposed to an external pressure source, and a 
pressure sensor that is effective to measure pressure of the external pressure source in response 
to displacement of the pressure-sensitive component. The first lumen can include at least one 
fluid-entry port formed through the sidewall of the catheter at a location that is distal to the 
.pjQximall y-located pres sure sensorforreceiving fluid flow therethrough. 
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[0008] In one embodiment, the pressure-sensitive component is disposed at a distal end of the 
second lumen, and the pressure sensor is coupled to a proximal end of the second lumen. The 
pressure-sensitive component can include a first surface in contact with fluid within the second 
lumen, and a second, opposed surface adapted to be exposed to an external pressure source. In 
an exemplary embodiment, the pressure-sensitive component is a flexible membrane which is 
preferably disposed across an opening formed in the sidewall of the catheter. The flexible 
membrane can have a compliance that is in the range of about 0.05 jxlVmrnHg to 2 |xL/mmHg. 

[0009] In yet another embodiment of the present invention, an intra- ventricular catheter is 
provided having an elongate member with a first lumen that is adapted to accommodate fluid 
flow therethrough, and a second, fluid-sealed lumen having a pressure sensor coupled to a 
flexible membrane disposed at a distal end of the catheter and that is adapted to respond to intra- 
ventricular pressure changes when the catheter is implanted within a patient's ventricle such that 
direct pressure readings of the intra-ventricular pressure can be measured. The pressure sensor 
can be coupled to a proximal end of the second, fluid-sealed lumen. In an alternative 
embodiment, the flexible membrane can be disposed at a mid-portion of the catheter such that it 
is adapted to respond to intra-parenchymal pressure changes. 

[0010] The present invention also provides a method for measuring intra-ventricular pressure 
using a ventricular catheter having a first lumen that is adapted to accommodate fluid flow 
therethrough, and a second, fluid-sealed, fluid-impermeable lumen extending between a distal, 
pressure-sensitive member adapted to respond to pressure changes in a patient's ventricle, and a 
proximal pressure sensor adapted to measure the pressure changes. The method includes the 
steps of implanting the ventricular catheter in a patient's ventricle such that the pressure- 
sensitive member is disposed within the ventricle and the pressure sensor is disposed at a 
location outside of the ventricle, and obtaining at least one reading of the pressure within the 
patient's ventricle. 

[001 1] In other aspects of the present invention, a method for manufacturing an intra-ventricular 
pressure sensor device is provided. The method includes the step of forming a catheter having a 
"first lumen adapted foTroelWfluKfftowtte 
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proximal, pressure sensor and a distal end in communication with an opening formed in a 
sidewall of the catheter. The second lumen is then filled with fluid, and a solvent-based solution 
is sprayed over the opening formed in the sidewall of the catheter to form a flexible membrane 
that is effective to seal the fluid within the second lumen in the catheter. The solvent-based 
solution should be effective to adhere to the catheter. Preferably, all voids in the second lumen 
are removed from the second lumen after the second lumen is filled with fluid, and prior to 
spraying the solution onto the catheter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The invention will be more fully understood from the following detailed description 
taken in conjunction with the accompanying drawings, in which: 

[0013] FIG. 1 is a side view of one embodiment of an intra- ventricular pressure sensor system 
according to the present invention; 

[0014] FIG. 2 is a cross-sectional view of the intra- ventricular pressure sensor system shown in 
FIG. l;and 

« 

[0015] FIG. 3 is a side view of another embodiment of an intra- ventricular pressure sensor 
system according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] The present invention generally provides an intra- ventricular pressure sensor device that 
includes a catheter having a first lumen for receiving fluid flow therethrough, and a second, 
separate, fluid-filled, fluid-impermeable, sealed lumen extending between a pressure-sensitive 
component that is adapted to be exposed to an external pressure source, and a pressure sensor 
that is effective to measure pressure of the external pressure source in response to displacement 
of the pressure-sensitive component. An incompressible fluid is disposed within the second 
lumen. This allows the pressure sensed by the pressure-sensitive member to be directly 
translated to the pressure sensor, thereby allowing the measurement of pressure by a sensing 
element which is not in direct communication with the pressure of interest. The intra- ventricular 
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pressure sensor device is particularly advantageous in that it allows a direct measurement of a 
patient's ventricular pressure to be obtained. 

[0017] While the device is described as a ventricular catheter that is used to measure the pressure 
in a patient's ventricles, a person skilled in the art will appreciate that the device can be used for 
a variety of medical procedures to measure the pressure in a variety of cavities. By way of non- 
limiting example, the device can be modified to measure intra-parenchymal pressure. 

[0018] FIGS. 1 and 2 illustrate an exemplary embodiment of an intra- ventricular pressure sensor 
device having an elongate catheter 10 with a proximal end 10a, a distal end 10b, and at least one 
inner lumen, e.g., lumen 12, extending therethrough that is adapted to accommodate fluid flow 
therein. The catheter 12 also includes a second lumen 14 that is in fluid isolation from the first 
lumen 12, and that is fluid impermeable. The second lumen 14 is a fluid-filled, sealed lumen that 
includes a proximal end 14a that is in fluid communication with a sensor 22, and a distal end 14b 
having a pressure-sensitive component, e.g., flexible membrane 16, that is adapted to be 
displaced by an external pressure source. In use, the pressure sensor 22 is effective to measure 
the pressure of the external pressure source in response to displacement of the pressure-sensitive 
component 16. 

[0019] The elongate catheter 10 can have a variety of configurations, but it is preferably a semi- 
flexible or flexible elongate member having proximal and distal ends 10a, 10b with at least one 
inner lumen 12, 14 extending therebetween. The first inner lumen 12 is adapted to accommodate 
fluid flow therethrough, and thus it can include an open proximal end 12a that can be connected 
to another medical device, such as a valve for controlling fluid flow from the catheter. The distal 
end 10b of the catheter 10, on the other hand, can either be open or closed, but preferably it is 
closed and includes a blunt end cap 20 formed thereon to facilitate insertion and/or imaging of 
the device 10. The end cap 20 is advantageous in that it facilitates insertion of the device 10 and 
it prevents the distal tip of an insertion device, such as a rigid stylet (not shown), from 
penetrating the distal end 10b of the catheter 10. The end cap 20 can also optionally be formed 
from a radio-opaque material to facilitate imaging of the catheter 10. The catheter 10 can also 
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include one or more fluid-entry ports 18 formed in the sidewall thereof and in communication 
with the first lumen 12 to allow fluid to flow into the catheter 10 and through the first lumen 10. 

[0020] The dimensions of the catheter 10 can vary depending on the intended use, but preferably 
the catheter 10 has a length / that is sufficient to allow at least the distal portion 10b of the 
catheter 10 to be implanted in a patient's ventricles, while the proximal portion 10a can extend 
therefrom to connect, for example, to another medical device such as a valve. The length I of the 
catheter 10 should also be configured to optimize the ability of the pressure sensor 22 to obtain 
an accurate reading of the intra- ventricular pressure, as will be discussed in more detail below. 
In an exemplary embodiment, the length / is in the range of about 5 cm to 20 cm, and more 
preferably it is about 15 cm. 

[0021] A person skilled in the art will appreciate that the catheter 10 can have virtually any 
configuration, shape, and size, and that it can be adapted for use in a variety of medical 
procedures. Moreover, the catheter 10 can be formed from a variety of materials. In an 
exemplary embodiment, however, the catheter 10 is formed from a flexible, biocompatible 
material. Suitable materials include, for example, polymers such as silicones, polyethylene, and 
polyurethanes, all of which are known in the art. The catheter 10 can also optionally be formed 
from a radio-opaque material. 

[0022] As previously stated, the catheter 10 also includes a second lumen 14 that is in fluid 
isolation from the first lumen 12. The second lumen 14 extends from the proximal end 10a of 
the catheter 10 to a position distal to the proximal end 10a. The proximal end 14a of the second 
lumen 14 is coupled to a pressure sensor 22, and the distal end 14b of the second lumen 14 is in 
communication with a pressure-sensitive component, such as a flexible membrane 16, that is 
disposed over at least one discontinuity or opening 24 (FIG. 2) formed in a sidewall of the 
catheter 10 adjacent to the distal end 10b of the catheter 10. The pressure-sensitive component 
will be discussed in more detail below. 


[0023] The position at which the second lumen 14 terminates with respect to the distal end 10b 
of the catheter can vary depending on the intended use. For example, where the catheter 10 is 
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configured to measure the intra-ventricular pressure, the second lumen 14 preferably terminates 
at or adjacent the distal end 10b of the catheter. Alternatively, where the catheter 10 is 
configured to measure the intra-parenchymal pressure, the second lumen 14 can terminate at a 
mid-point on the catheter 10 such that the pressure-sensitive member 16 will be in contact with 
the parenchyma tissue when the device 10 is implanted. Thus, while the catheter 10 is shown 
and described for use in measuring intra-ventricular pressure, a person skilled in the art will 
appreciate that the device can easily be modified to measure the intra-parenchymal pressure, as 
well as the pressure within a variety of other cavities in a patient's body. 

[0024] The dimensions of the second lumen 14 and the opening(s) 24 can vary, but they should 
be adapted to optimize the system's performance. In particular, the length l 2 and diameter d 2 of 
the second lumen 14 will affect the frequency response of the system, which indicates the time it 
takes for the system to obtain a pressure reading. For example, a lumen having a relatively long 
length will delay the amount of time it takes to obtain a reading. Thus, the length l 2 and diameter 
d 2 of the second lumen 14 should be adapted to provide a high frequency response, and in an 
exemplary embodiment the length l 2 and diameter d 2 of the second lumen 14 should be 
configured to produce a frequency response that is greater than about 20 Hz, and more preferably 
that is at least about 100 Hz. While this will be discussed in more detail below, in general the 
diameter d 2 of the second lumen 14 is preferably smaller than a diameter di of the first lumen 12, 
and more preferably the diameter d 2 of the second lumen 14 is in the range of about 0.1 mm to 
0.3 mm, and the diameter di of the first lumen 12 is in the range of about 1 mm to 2 mm. Since 
the second lumen 14 is sealed, the lumen 14 is adapted to retain a predetermined volume of fluid. 
While this volume can vary for the same aforementioned reasons, in an exemplary embodiment 
the volume is in the range of about 1 uL to 10 uL. 

[0025] The relatively small diameter d 2 and length l 2 of the second lumen 14 will also minimize 
the affect of the flexibility of the catheter 10 on the volume of the fluid contained in the second 
lumen 14. Bending of the catheter 10, as well as expansion or compression due to thermal or 
pressure variations, can undesirably affect the volume of fluid within the second lumen 14. The 
use of a second lumen 14 that has a relatively small diameter d 2 and length l 2 , in combination 
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with a compliant pressure-sensitive member 16, will minimize the effect of physical changes that 
may occur to the catheter 10 during use of the device. 

[0026] The fluid that is disposed within the second lumen 14 can vary, but preferably the fluid is 
an incompressible, biocompatible fluid that cannot diffuse or penetrate into the walls of the 
catheter 10. Since the fluid is used to transfer a pressure received by the pressure-sensitive 
member 16 to the pressure sensor 22, a low viscosity fluid is preferred. Moreover, the fluid is 
also preferably a thermally stable fluid with extremely low thermal expansion coefficient. This 
will minimize the effect of thermal changes in the body on the volume of fluid in the second 
lumen 14. In an exemplary embodiment, the fluid in the second lumen 14 has a viscosity that is 
in the range of about 5 cs to 20 cs, and more preferably the fluid is a biocompatible silicone 
fluid. Suitable fluids include, for example, polydimethylsiloxane, which can be obtained from 
Dow Corning Corporation, of Midland, Michigan. 

[0027] As stated above, the opening 24 that extends into the second lumen 14 is coupled to a 
pressure-sensitive member, which can have a variety of configurations. The pressure-sensitive 
member should, however, be adapted to respond to pressure changes in an environment 
surrounding the catheter 10, e.g., changes in the intra-ventricular pressure when the catheter 10 is 
implanted within a patient's ventricles. In the embodiment shown in FIGS. 1 and 2, the 
pressure-sensitive member is a flexible membrane 16 that is disposed over and extends across the 
opening(s) 24 in the second lumen 14. The membrane 16 is effective to seal the fluid within the 
second lumen 14, and to transfer a pressure signal, via the fluid, through the lumen 14 to the 
pressure sensor 22. Thus, in order to provide an accurate pressure reading, the membrane 16 
should have a compliance that allows it to respond to external pressure changes. For example, an 
increase in a patient's intra-ventricular pressure will apply a force to the membrane 16, and the 
membrane 16 should be able to transfer that force to the fluid disposed within the second lumen 
14. Since the lumen 14 is sealed, in order to maintain an equilibrium in the system, the force is 
transferred to the pressure sensor 22 at the proximal end 14a of the lumen 14, thus allowing the 
patient's intra-ventricular pressure to be obtained. The compliance of the membrane 16 will 
thgref ore aff ect the ability o f the sensor 22 to obtain an accurate pressure reading. Where a 
small, relatively stiff membrane is utilized, a large force is required to displace the membrane 
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and thereby transfer the pressure to the pressure sensor. In other words, a membrane which is 
extremely stiff will isolate the internal fluid from the external pressure and changes in the 
external environment will not be sensed in the internal fluid. Thus, it is desirable to provide a 
flexible membrane, e.g., a compliant membrane, that requires a small amount of force to create a 
shift in the equilibrium, and thus transfer a pressure signal to the pressure sensor. The 
compliance of the membrane should therefore be adjusted to provide accurate pressure readings 
with the difference between the actual pressure and the measured pressure preferably being less 
than 1 cm H 2 0. The compliance of the membrane 16 can be altered by adjusting parameters 
such as the material and/or the shape and size of the membrane 16. In an exemplary 
embodiment, the membrane 16 has a compliance that is greater than a compliance of the sensor, 
and more preferably the membrane has a compliance that is in the range of about 0.05 pL/mmHg 
to 2 [xL/mmHg. 

[0028] The material used to form the membrane 16 can vary, and a variety of techniques can be 
used to attach the membrane 16 to the catheter 10. By way of non-limiting example, suitable 
materials include polyurethane, silicone, solvent-based polymer solutions, and any other polymer 
that will adhere to the catheter. In an exemplary embodiment, the membrane 16 is spray-coated 
onto the catheter 10 after the lumen 14 is filled with fluid and all voids or air bubbles have been 
removed. 

[0029] In an alternative embodiment, shown in FIG. 3, the membrane can be in the form of a 
sleeve 16' that is disposed around a distal portion 10b' of the catheter 10'. The sleeve 16', which 
is formed around the distal end 10b' of the catheter 10', is in fluid communication with the 
second inner lumen 14' via one or more openings 24' formed in the sidewall of the catheter 10 f . 
The sleeve 16' should, however, be isolated from the fluid-entry ports 18' that extend into the 
first lumen, and thus the fluid-entry ports 18' in this embodiment are preferably positioned more 
proximal from the distal end 10b f of the catheter 10 f . The sleeve 16 f configuration is particularly 
advantageous in that it enables the use of a relatively large membrane, thus increasing the 
compliance of the membrane. A highly compliant membrane will decrease the pressure drop 
acr oss the mem brane, thereby improving the precision of the pressure sensing device. 
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[0030] Referring back to FIGS. 1 and 2, the proximal end 14a of the second lumen 14 is coupled 
to a pressure sensor 22 which is effective to measure the pressure transferred from the flexible 
membrane 16 via the fluid disposed within the second lumen 14. The pressure sensor 22 can be 
coupled to any portion of the proximal end 14a of the second lumen 14. For example, in the 
embodiment shown in FIG. 2, the sensor 22 is disposed across the open proximal end 14a of the 
second lumen 14 to seal the fluid within the lumen 14. The sensor 22 is flexible to respond to 
pressure transferred through the fluid from the membrane 16. A variety of sensors are available 
and can be used with the present invention including, for example, piezoelectric materials and 
capacitive sensors. By way of non-limiting example, suitable sensors can be obtained from 
Millar, of Houston, Texas. 

[0031] While a variety of pressure sensors 22 can be used, the sensor 22 is preferably formed 
from a relatively stiff material, and it has a low compliance, thus increasing the frequency 
response of the system. In an exemplary embodiment, the sensor 22 has a compliance that is in 
the range of about 0.1 (iL/mmHg to 0.02 (iL/mmHg. In use, the pressure sensor 22 is coupled to 
electronics that are known in the art and that are effective to translate the changes in the material 
into a pressure measurement. 

[0032] A person skilled in the art will appreciate that the properties of each component of the 
catheter 10 are co-dependent, and that the relationship between the components will need to be 
considered in determining the appropriate configuration for each individual component. In an 
exemplary embodiment, the components should be configured to enable the sensor 22 to obtain 
an accurate reading of a patient's intra- ventricular pressure. It is understood, however, that the 
measured pressure reading will vary slightly from the actual intra- ventricular pressure due to the 
system compliance and resistance, which relies on a number of factors including the fluid 
compressibility, the tubing compliance, and the sensor flexibility. The compliance and 
resistance of the system should therefore be minimized, as any compliance and/or resistance 
within the system will distort the acquired signal. This can be achieved by adapting the system 
such that the frequency response of the system is greater than 100 Hz (i.e., the time constant is 
less than 0.01 seconds), which exceeds the frequency content of the physiological signal of 
interest. Based on this factor, the dimensions of the system can be selected such that: 
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Ed 2 (a 2 -d 2 ) 


where ju is the fluid viscosity, / is the length of the catheter 10, a is the inner diameter of the 
second lumen plus the twice the thickness of the wall that separates the first and second lumens 
(i.e., in essence, the outer diameter of the second lumen), E is the modulus of elasticity of the 
catheter, and d is the inner diameter of the second lumen. An exemplary embodiment of a 
catheter that meets these requirements is illustrated in Example 1 . 


[0033] A silicone catheter having a first lumen and a second lumen that is filled with silicone 
fluid has the following properties: 


[0035] Accordingly, a catheter 10 having the above dimensions would satisfy the requirement 
for low system compliance, allowing the use of such a construct for the measurement of intra- 
ventricular pressure without loss of signal fidelity. 

[0036] A person skilled in the art will appreciate that a variety of factors should be considered in 
optimizing the system to provide an accurate pressure reading. 

[0037] One skilled in the art will appreciate further features and advantages of the invention 
5asea7>iTffie abo ve-describe~d~embodimente — 


Example 1 


fJL = 10 ~ 3 
^ = 0.1m 


a = 1.10" 3 m 

rf = 0.5.10" 3 m 
E = 5000 psi 


[0034] Thus, 
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what has been particularly shown and described, except as indicated by the appended claims. All 
publications and references cited herein are expressly incorporated herein by reference in their 
entirety. 

[0038] What is claimed is: 
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